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[57] ABSTRACT 

An apparatus for providing a clean working environment 
includes an isolation booth, a w orker booth, and an access 
device arranged to enable a worKenn the worker booth to 
handle material in an isolation chamber formed in the 
isolation booth. A pressure generator is positioned to com- 
municate with the isolation chamber to generate an air 
pressure therein that is less than the air pressure of an air 
curtain passing through the worker booth so that air is drawn 
from the air curtain in the worker booth into the isolation 
chamber through any air leak opening that develops in and 
around the access device so as to block outflow of air in the 
isolation chamber to the worker booth through the air leak 
opening. 

41 Claims, 4 Drawing Sheets 




05/16/2003, EAST Version: 1.03.0002 



U.S. Patent 



Dec 7, 1999 Sheet 1 of 4 



5,997,399 




FIG. 1 



05/16/2003, EAST Version: 1.03.0002 



U.S. Patent 



Dec. 7, 1999 



Sheet 2 of 4 



5,997,399 




05/16/2003, EAST version: 1.03.0002 



U.S. Patent 



Dec 7, 1999 Sheet 3 of 4 



5,997,399 




Fie. 4 FIG. 5 



05/16/2003, EAST Version: 1.03.0002 



U.S. Patent 



Dec. 7, 1999 Sheet 4 of 4 



5,997,399 



66 




05/16/2003, EAST Version: 1.03.0002 



5,95 

1 

ISOLATION CHAMBER AIR CURTAIN 
APPARATUS 

This application claims benefit of provisional application 
Ser. No. 60/046,022 filed May 9, 1997. 

BACKGROUND AND SUMMARY OF THE 
INVENTION 

The present invention relates to an isolation chamber, and 
particularly to an isolation chamber in which sterile and/or 
toxic materials are handled. More particularly, the present 
invention relates to an isolation chamber air curtain appa- 
ratus that functions to maintain a sterile environment in the 
isolation chamber when a leak develops in the isolation 
chamber. 

During the manufacture of pharmaceutical products or 
other products, sterile and/or toxic materials are often placed 
in a decontaminated isolation chamber so that such materials 
can be handled by a worker properly. An unwanted leak in 
a material-handling system might lead to contamination of 
the isolation chamber and/or escape of material in the 
isolation chamber to the surroundings. 

According to the present invention, an apparatus is pro- 
vided for providing a clean working environment. The 
apparatus includes an isolation chamber sized to establish a 
working environment and bounded by a wall formed to 
include an access port communicating with the isolation 
chamber. The apparatus also includes an access device, such 
as a glove, mounted in the access port to enable a worker 
standing alongside an exterior surface of the wall to handle 
material in the isolation chamber through the access port 
without communicating air into the isolation chamber. A 
pressure generator, such as a motorized blower fan, is 
positioned to generate a pressure in the isolation chamber 
that is lower than the pressure of air along the exterior 
surface of the wall formed to include the access port. Air will 
be drawn from the surroundings into the isolation chamber 
through any air leak openings that develop in and around the 
access device so as to block outflow of air and materials in 
the isolation chamber through the air leak opening. 

In preferred embodiments, an air curtain generator is 
arranged to discharge a filtered curtain of air pressurized to 
a level higher than the pressure of air in the isolation 
chamber so that the filtered curtain of air sweeps along and 
across the exterior surface of the wall formed to include the 
access port. If any air leak opening develops in the wall, 
access port, access device, etc., air from this pressurized 
curtain of air will flow into the isolation chamber through the 
air leak opening(s). A system is also provided for changing 
the "angle of attack" of the air flowing in the curtain of air 
relative to the exterior surface of the wall and for increasing 
the mass flow rate of air flowing in the curtain of air upon 
exposure of an air pressure sensor in the isolation chamber 
to an air pressure that is above a predetermined pressure 
level for a certain period of time. 

Additional features and advantages of the invention will 
become apparent to those skilled in the art upon consider- 
ation of the following detailed description of preferred 
embodiments exemplifying the best mode of carrying out 
the invention as presently perceived. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The detailed description particularly refers to the accom- 
panying figures in which: 

FIG. 1 is side elevation view of an isolation chamber air 
curtain apparatus according to the present invention showing 
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a person standing in a worker booth beside a side wall of an 
isolation booth and using a rubber glove to access a sterile 
and/or toxic material in an isolation chamber inside the 
isolation booth, a pair of blower fans above each side wall 

s of the isolation booth creating a curtain of clean air adjacent 
to and along the length and width of each side wall of the 
isolation booth as indicated by a series of dotted arrows, a 
flexible drape hanging downwardly from outside edges of a 
hood that overlies the isolation booth, and showing a dia- 

10 grammatic view of a control system that monitors air 
pressure of the isolation chamber and controls the speed of 
a pair of motors coupled to the blower fans; 

FIG. 2 is a top plan view of the isolation booth, taken - 
along line 2 — 2 of FIG. 1, showing two pairs of rubber 

15 gloves coupled to respective side walls of the isolation booth 
in an air-tight manner and showing a person standing beside 
one of the side walls and using one pair of rubber gloves to 
access the sterile and/or toxic environment of the isolation 
chamber and showing diagrammatically the use of a first 

20 pair of laterally spaced-apart blower fans for creating a 
curtain of clean air on one side of the isolation booth in an 
occupied worker booth and a second pair of laterally spaced- 
apart blower fans for creating another curtain of clean air on 
another side of the isolation booth in an unoccupied worker 

25 booth; 

FIG. 3 is a side elevation view of one of the blower fans 
of FIG. 1, with portions broken away, showing a plurality of 
directional vanes positioned to lie inside an outlet duct 
coupled to the blower fan, each of the directional vanes 

30 angled in a selected first orientation to direct the clean air of 
the air curtain toward the side wall of the isolation booth at 
a selected angle of attack in the direction of the dotted 
arrows, and each of the directional vanes being individually 
adjustable manually or by remote control relative to the 

35 outlet duct as indicated by the double-headed arrows above 
the directional vanes to assume other selected orientations to 
change the angle of attack of the curtain of air relative to the 
side wall of the isolation booth; 

4Q FIG. 4 is a side elevation view similar to FIG. 1 showing 
the occurrence of a minor leak due to a small break in one 
of the rubber gloves and showing a small volume of clean air 
from the air curtain being drawn into the isolation chamber 
through the small break in the rubber glove; and 

45 FIG. 5 is a side elevation view similar to FIG. 4 showing 
the occurrence of a major leak due to a large break in one of 
the rubber gloves, a large volume of clean air from the air 
curtain being drawn into the isolation chamber through the 
large break in the rubber glove, and the control system 

50 regulating the motor speed so that the blower fan provides 
an increased mass flow rate of clean air to the air curtain in 
response to elevation of the pressure level in the isolation 
chamber. 

DETAILED DESCRIPTION OF THE DRAWINGS 

55 

An apparatus 10 for providing a clean working environ- 
ment includes a normally air-tight isolation booth 12 sup- 
ported above a floor 13 on a pedestal 14 having a support 
platform 15 as shown in FIG. 1. Isolation booth 12 includes 

60 a top cover 24, a bottom cover 28, and one or more side 
walls 26 extending between top cover 24 and bottom cover 
28 and cooperating to define an interior region including an 
isolation chamber 20. Top cover 24 is formed to include an 
opening 38 for communicating air into the interior region of 

65 the isolation booth. 

An air permeable filter 16 partitions the interior region 
defined between top cover 24, bottom cover 28, and side 
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walls 26 of isolation booth 12 into an air supply plenum 18 
which is the space above filter 16 that receives air admitted 
through opening 38 formed in top cover 24, and an isolation 
chamber 20, which is the space beneath filter 16 that 
receives air passed through filter 16. Thus, filter 16 defines 
the ceiling of isolation chamber 20 and the floor of air supply 
plenum 18. As shown in FIG. 1, air permeable filter 16 is 
positioned to lie between air supply plenum 18 and isolation 
chamber 20 to filter air passing from air supply plenum 18 
to isolation chamber 20. 

A pressure generator is positioned to communicate with 
isolation chamber 20 to generate an air pressure in isolation 
chamber 20 that is less than the air pressure in an air zone 
72 outside isolation chamber 20 and alongside one or more 
side walls 26. This pressure differential causes air to be 
drawn from air zone 72 into isolation chamber 20 through 
any air leak openings that develop in and along side wall(s) 
26 so as to block outflow of air in isolation chamber 20 to 
air zone 72 through the air leak opening(s). 

In a preferred embodiment, the pressure generator lies in 
opening 38 formed in the top cover 24 and includes a blower 
fan 22 that is mounted to blow air in air supply plenum 18 
of isolation booth 12 and a motor 23 that is operated to turn 
fan 22, thereby blowing the air 39 present in air supply 
plenum 18 downwardly through filter 16 and into isolation 
chamber 20 to discharge filtered air 40 into isolation cham- 
ber 20 and establish a relatively low air pressure in isolation 
chamber 20. Filter 16 filters and purifies the air 39 being 
blown therethrough to prevent airborne particles (not 
shown) from passing along with the air 39 from air supply 
plenum 18 into isolation chamber 20. Filter 16 can be, for 
example, a HEPA filter that sufficiently filters the air passing 
therethrough to a class 100 level or filter 16 can be a higher 
class of filter, such as a ULPA filter. 

Side walls 26 of isolation booth 12 are formed to include 
one or more vent apertures or air discharge ports 30 adjacent 
to bottom cover 28. Apparatus 10 includes an appropriate 
number of return air ducts 32, each having a first end 34 
coupled to side walls 26 of isolation booth 12 in an air-tight 
manner around respective vent apertures 30 so that each 
return air duct 32 is in fluid communication with filtered air 
40 extant in isolation chamber 20. A second end 35 of each 
return air duct 32 is coupled to a respective plenum inlet duct 
36 which is in fluid communication with air supply plenum 
18 through openings 38 formed in top cover 24. Plenum inlet 
ducts 36 are coupled to top cover 24 in an air tight manner. 

A series of air flow lines 40 generally illustrate the flow 
of filtered air within isolation booth 12 as blower fan 22 
blows air 39 from air supply plenum 18, through filter 16, 
and into isolation chamber 20. The continuous flow of air 39 
into isolation chamber 20 through filter 16 continuously 
forces an equivalent volume of filtered air 40 through vent 
apertures 30 and into return air ducts 32, which continually 
forces an equivalent volume of return air 41 into plenum 
inlet ducts 36 through openings 38 and into air supply 
plenum 18. Thus, air supply plenum 18, filter 16, isolation 
chamber 20, return air ducts 32, and plenum inlet ducts 36 
cooperate to form a continuous air flow path in apparatus 10. 
Fan 22 operates continually to circulate air throughout this 
continuous air flow path 18, 16, 20, 32, and 36. 

A negative pressure relative to the ambient air pressure of 
a room in which apparatus 10 is located is maintained in the 
isolation chamber 20 portion of isolation booth 12 due to the 
operation of fan 22 or any suitable means. Suction created 
at plenum inlet ducts 36 by operation of fan 22 results in the 
pressure in isolation chamber 20 being one-half inch to one 
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inch of water less than the ambient pressure in the room in 
which apparatus 10 is located. 

A sterile environment is created in isolation chamber 20 
due to the filtration and purification by filter 16 of the air 

5 passing therethrough. Thus, materials requiring a sterile 
environment can be placed and handled in isolation chamber 
20 without becoming contaminated. In addition, materials 
that emit toxic fumes can be placed inside isolation chamber 
20 and the toxic fumes will be circulated and filtered along 

10 with the air contained in isolation booth 12 and ducts 32, 36, 
rather than escaping into the ambient surroundings outside 
of isolation booth 12 and ducts 32, 36. 

Side walls 26 of isolation booth 12 include a plurality of 
access ports or arm holes 42. Access devices such as rubber 
gloves 44 having glove rings 46 that attach to side walls 26 

1 in an air-tight manner around arm holes 42, extend into 
isolation chamber 20 as shown, for example, in FIGS. 1 and 
2. Access devices 44 are mounted in access ports 42 to 
enable a worker occupying a worker booth 45 alongside 
isolation booth 12 to handle material (not shown) in isola- 

20 tion chamber 20 without communicating air from worker 
booth 45 to isolation chamber 20 (and vice versa). Although 
isolation booth 12 is shown in FIG. 2 as having a rectangular 
shape and the long side walls 26 are each shown to have two 
pairs of rubber gloves 44 extending therethrough, it is within 

25 the scope of the invention as presently perceived for isola- 
tion booth 12 to have some other shape, defined by more or 
fewer side walls 26, and for some other types of access 
devices or number of pairs of rubber gloves 44 to be 
provided. / — ^ 

3 0 A person standing alongside one of side walls 26 can 
insert his or her arms into rubber gloves 44 and grasp the 
sterile and/or toxic objects (not shown) that are located 
inside isolation chamber 20 and manipulate or handle the 
objects as desired. Rubber gloves 44 are air impermeable to 

35 provide an effective barrier between the air inside isolation 
chamber 20 and the person using rubber glov es 44. Side 
walls 26 include transparent wi ndows 48 and a frame 49 to 
which windows 48 attach in an air-tight manner. Windows 
48 allow the person manipulating the toxic and/or sterile 

40 objects to observe the objects. Pedestal 14 supports isolation 
booth 12 at a sufficient distance above floor 13 to allow a 
person to use rubber gloves 44 comfortably as shown, for 
example, in FIG. 1. 

Occasionally, the normally air-tight connections between 

45 the various components of side wall 26 and the various 
components attached to side wall 26 may inadvertently fail, 
thereby creating an air leak opening in isolation chamber 20. 
For example, an air leak opening could occur between one 
of windows 48 and frame 49 or between one of return air 

50 ducts 32 and the associated side wall 26. An air leak opening 
could also be created due to a small puncture or break in one 
of rubber gloves 44 as shown in FIG. 4. Because isolation 
chamber 20 is maintained at a negative pressure relative to 
the room in which apparatus 10 sets (e.g., air zone 72), when 

55 a leak occurs, air is drawn into isolation chamber 20 from a 
location outside isolation chamber 20. Because outside air is 
drawn into isolation chamber 20 when a leak occurs, toxic 
or other fumes in isolation chamber 20 are prevented from 
escaping from isolation chamber 20 into the ambient sur- 

60 roundings through the air leak opening. An air curtain 
generator is provided to generate a curtain of clean air that 
functions to block airborne particles present in the air 
flowing through the air leak opening into isolation chamber 
20 to avoid contamination of the sterile environment inside 

65 isolation chamber 20. 

Apparatus 10 includes one or more blower fans 58 that are 
positioned outside isolation booth 12 next to top cover 24 
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adjacent to side walls 26 as shown in FIG. 1. An inlet duct to include four access ports 42 and a second of walls 26 is 

60 is coupled to each blower fan 58 and one or more filters formed to include four more access ports 42. An access 

62 are coupled to each inlet duct 62. Filters 62 prevent device 44 is mounted in each of those eight access ports and 

airborne particles (not shown) from passing along with the air curtain generator includes two laterally spaced-apart 

ambient air 59 into inlet duct 60. Filters 62 can be, for 5 motorized blower fans 58 along the first of walls 26 and two 

example, HEPA filters that sufficiently filter the air being more laterally spaced-apart motorized blower fans 58 along 

drawn therethrough by blower fans 58 to create class 100 air lhe second of walls 26. In the illustrated embodiment, an 

or filters 62 can be a higher class of filter, such as a ULPA outlet duct 64 is coupled to each of motorized blower fans 

£j ter 58 and arranged to discharge filtered air 70 into the air zones 

_ ' , . . - „ , . , , t j in 72 on opposite sides of isolation chamber 20 so as to 

Each blower fan 58 abo includes an outlet duct 64 w esta5lisb a first curtaio of air k one of the air ^ 72 and 

arranged to discharge air alongside windows 48 and frames , sec(md of ^ ^ ^ Qlher of ^ air ^ „ 

49 in side wall 26. A motor 66, which is shown diagram- A ^ A n ■ i j L _i 01 *«. . 

„ . CI/ ~, ^ . ij. i 1 1 r ec r? ♦ Apparatus 10 can optionally include a hood 82 that 

matically in FIG. 1, is coupled to each blower fan 58. Motors \: t • r- T ^ * a j 

, . *. «i_ *jui r go overlies isolation booth 12 as shown in FIGS. 1, 4, and 5. 

66 operate to turn the associated blower fans 58 causing A -, n . . , , a ... . OA 

u- ♦ • cn * u a e 4U w * a- is Apparatus 10 can also include one or more flexible drapes 84 

ambient air 59 to be drawn from the ambient surroundings 15 #1 /f . , - 4 . D - c . v . a - 

through filters 62 and discharged as filtered air 70 into inlet * at hang downwardly from oute.de edges 86 of hood I 82 

duct 60 and then out of outlet duct 64 to create a filtered ^Xllll^!^^^ I W ° ^ . 

c ■ mr\ • -<* 4 . , c • i u u ancrau uuuitiuuul UaTrier to larger airborne particles present 

curiam of air 70 m air zone 72 outside of isolation chamber . t . ... r jr OA /, , m 

20 and adjacent to certain side walls 26 as shown in FIG. 1. 10 the am l b,e f nt , alr ou,slde of , dra P es 84 andhood * 2 ' I hus ' 

J , 0 a zone 83 ol stagnant non-clean air is positioned to he m 

In preferred embodiments, outlet duct 64 is configured each worker booth 45 between each dean aif zone 72 and 

and arranged so that filtered air is blown downwardly, as each resp ective drape 84 as shown in FIG. 2. 

indicated by flow lines 70 shown in FIGS 1 and 3-5 (dotted When a minor ^ ^ ^ inadvertently occurs, as 

arrows), to create a clean "air curtam adjacent to exterior showD fof k m mG 4 wim f d tQ a ^ bfeak m 

surfaces of certain side walls 26. The clean air moving in the Qne of mbber bves 44 a smaU amouot Qf ^ aif ?Q fa 

clean air curtains provides a clean air barrier zone 72 drawQ from ^ aff barrief zQne ?2 ^ isolation chambef 

adjacent to exterior surfaces of certain side walls 26 of 20 thrQ h ^ air kak . Because Qnl ^ ^ 70 

isolation booth 12 as shown, for example, in FIGS^ 1-3. fa drawn ^ chamber 2Q rathef thafl ^ 

Clean air barrier zones 72 each have sufficient height 74, ak ( aif ^ outside Qf ^ ^ barrief ^ ?2 ^ 

length 76, and depth 78 effectively to prevent ambient contamination of the sterile environm ent inside isolation 

non-clean air 83 from penetrating through zone 72 and chamber 2Q b a { amount of airbome ides fa 

commg into contact with side walls 26 of isolation booth 12. ambieQt aff ^ avoided 

A plurality of individually movable directional vanes 68 when a major leak inadvertentl occais ^ ^ shown for 

are positioned to intercept filtered air 70 discharged through e le in FIG 5 with d t0 a x break ^ one of 

outlet duct 64 as shown in FIG. 1 coupled to outlet duct 64 35 mbber loves 44j a { amount of dean air 70 from dean 

as shown in FIG 1. In one embodiment, vanes 68 are aif barrief ZQQQ J2 ^ ^ isolatioQ chamber 20 

coupled to outlet duct 64. through the air leak openmg> In order t0 ensure that only 

Directional vanes 68 are movable so that the air 70 being c i ean au - ^ drawn into isolation chamber 20 when a major 

blown out of outlet duct 64 into clean air barrier zone 72 can i ea k occurs, apparatus 10 includes a control system 88 that 

be directed in a desired manner. Movement of directional 40 operates to increase the speed of motors 66 and blower fans 

vanes 68 allows adjustment of depth 78 of clean air barrier $g ma t the mass flow rate of clean air through clean air 

zone 72 through which the air 70 of the clean air curtain is barrier zone 72 is increased, thereby enhancing the ability of 

moving. Directional vanes 68 can each be adjusted to create the air curtain in clean air barrier zone 72 to prevent the 

contoured custom-designed air curtains. At least one of ambient non-clean air (e.g., 83) from penetrating through 

directional vanes 68 is mounted for movement in or near 45 c i ea n air barrier zone 72 and entering isolation chamber 20 

outlet duct 64 to vary an angle of attack 69 between air 70 through the major air leak opening, 

moving in the curtain of air zone 72 and adjacent side wall Control system 88 is shown diagrammatically in FIGS. 1, 

26 of isolation booth 12. 4 and 5 Control system 88 includes a motor controller 90 

Directional vanes 68 can either be set to a fixed orienta- that is electrically coupled to each motor 66 by conductors 
tion manually or by remote control during the installation of 50 92. A pressure sensor switch 94 is located inside isolation 
apparatus 10 or can be left free to pivot in the direction of chamber 20 and is electrically coupled to motor controller 
double-headed arrows 80 as shown in FIG. 3. Although 90 by a conductor 96. In the illustrated embodiment, pres- 
depth 78 of clean air barrier zone 72 can be adjusted, the sure sensor switch 94 is mounted to one of side walls 26 just 
mass flow rate of clean air 70 through clean air barrier zones beneath filter 16. Pressure sensor switch 94 senses the 
72 is established by the speed at which motors 66 and blower 55 pressure of air extant in isolation chamber 20. Motor con- 
fans 58 operate. In a preferred embodiment, each motor 66 troller 90 provides an output signal via conductors 92 to 
is a two-speed motor. regulate the speed at which motors 66 and blower fans 58 

Although clean air barrier zones 72 are shown in FIG. 2 operate in response to an input signal provided via conductor 

as being created adjacent to two opposing side walls 26 of 96 from pressure sensor switch 94. In the illustrated 

isolation booth 12, it is within the scope of the invention as 60 embodiment, motor controller 90 includes a timer 95 

presently perceived for more or fewer clean air barrier zones coupled to pressure sensor switch 94 via conductor 96 and 

to be created adjacent to respective side walls 26. It is also a relay 97 coupled to timer 95 and conductors 92. Pressure 

understood that a plurality of side -by-side motors 66, blow- sensor switch 94 can be, for example, a photohelic gage, 

ers fans 58, and associated equipment may be needed to Using pressure sensor switch 94, an alarm condition will 

provide clean air barrier zones 72 having sufficient length 76 65 exist when the internal pressure in isolator chamber 20 is 

to cover the entire length of a particular side wall 26. As above a predetermined level relative to the region outside of 

shown, for example, in FIG. 2, a first of walls 26 is formed isolation chamber 20. If this alarm condition is not corrected 
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within a predetermined period of time, the time period being 
selectable by a customer by adjusting timer 95, relay 97 is 
activated to take motorized blower fans 58 to their higher 
speed operating mode. Control system 88 and motor 23 can 
be coupled to a power source (not shown) by a power cord 5 
98. 

In a preferred embodiment, when pressure sensor switch 
94 senses that the pressure of isolation chamber 20 has 
increased to a critical level for a predetermined period of 
time, say, three seconds or more, an alarm signal is sent to *° 
relay 97 in motor controller 90 and relay 97 sends output 
signals via conductors 92 to switch motors 66 and blower 
fans 58 from a normal, low speed to a high speed. The 
increased speed of motors 66 and blower fans 58 increase 
the mass flow rate of clean air flowing through clean air 15 
barrier zone 72 as previously described. Thus, when a major 
leak occurs, motors 66 and blower fans 58 will be switched 
into high-speed operation by motor controller 90 if the 
pressure of isolation chamber 20 increases to the critical 
level for a set period of time. 20 

The high-speed operation of motors 66 and blower fans 
58 blocks non-clean air in zone 83 between clean air barrier 
zone 72 and the respective drape 84 from being drawn into 
isolation chamber 20 along with the clean air 70 being drawn 
into isolation chamber 20 from clean air barrier zone 72. 25 
When a small leak occurs or when no leaks occur, motor 
controller 90 operates motors 66 and blower fans 58 at the 
normal, low speed so that a person standing in clean air 
barrier zone 72 in worker booth 45 is not bothered by the 
velocity of air 70 flowing through clean air barrier zone 72. 30 

Although the invention has been described in detail with 
reference to a preferred embodiment, variations and modi- 
fications exist within the scope and spirit of the invention as 
described and defined in the following claims. ^ 

What is claimed is: 

1. An apparatus for providing a clean working 
environment, the apparatus comprising 

an isolation booth formed to include an isolation chamber 
sized to establish a working environment, 4Q 

a worker booth located outside of the isolation chamber 
and adapted to receive air at a first air pressure, the 
isolation booth further including a partition wall posi- 
tioned to lie between the isolation chamber and the 
worker booth and formed to include an access port 45 
communicating with the isolation chamber, 

an access device mounted in the access port to enable a 
worker in the worker booth to handle material in the 
isolation chamber through the access port without 
communicating air in the worker booth into the isola- 50 
tion chamber, and 

a pressure generator positioned to communicate with the 
isolation chamber to generate a second air pressure in 
the isolation chamber that is less than the first air 
pressure in the worker booth to cause air to be drawn 55 
from the worker booth into the isolation chamber 
through any air leak opening that develops in and 
around the access device so as to block outflow of air 
in the isolation chamber to the worker booth through 
the air leak opening. 60 

2. The apparatus of claim 1, wherein the isolation booth 
further includes an air supply plenum and an air permeable 
filter positioned to lie between the air supply plenum and the 
isolation chamber to filter air passing from the air supply 
plenum to the isolation chamber through the air permeable 65 
filter and the pressure generator is coupled to the air supply 
plenum. 
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3. The apparatus of claim 2, wherein the isolation booth 
further includes a top wall formed to include an opening into 
the air supply plenum and the pressure generator lies in the 
opening. 

4. The apparatus of claim 3, wherein the pressure gen- 
erator includes a blower fan in the air supply plenum and a 
motor coupled to turn the blower fan to move air in the air 
supply plenum through the air permeable filter into the 
isolation chamber to generate the second air pressure in the 
isolation chamber. 

5. The apparatus of claim 3, wherein the isolation booth 
further includes an air discharge port in communication with 
the isolation chamber and a return air duct having an inlet 
end coupled to the air discharge port and an outlet end 
coupled to the opening formed in the top wall to conduct air 
discharged from the isolation chamber through the air dis- 
charge port into the air supply plenum through the opening 
formed in the top wall. 

6. The apparatus of claim 2, wherein the pressure gen- 
erator includes a blower fan and a motor coupled to turn the 
blower fan to move air in the air supply plenum through the 
air permeable filter into the isolation chamber to generate the 
second air pressure in the isolation chamber. 

7. The apparatus of claim 6, wherein the blower fan lies 
in the air supply plenum. 

8. The apparatus of claim 6, wherein the isolation booth 
further includes means for conducting air discharged from 
the isolation chamber to the blower fan for redistribution to 
the isolation chamber through the air permeable filter. 

9. The apparatus of claim 1, further comprising an air 
curtain generator coupled to the worker booth and arranged 
to discharge into the worker booth a curtain of air at the first 
air pressure to the access port formed in the partition wall. 

10. The apparatus of claim 9, wherein the air curtain 
generator includes an outlet duct coupled to the worker 
booth, a blower fan coupled to the outlet duct, and a motor 
coupled to turn the blower fan to move air in the outlet duct 
into the worker booth to generate the curtain of air. 

11. The apparatus of claim 10, wherein the air curtain 
generator further includes at least one directional vane 
mounted for movement in the outlet duct to vary an angle of 
attack between air moving in the curtain of air and the 
partition wall. 

12. The apparatus of claim 10, further comprising an air 
pressure sensor located in the isolation chamber and a motor 
speed controller coupled to the air pressure sensor and the 
motor and configured to increase the speed of the motor 
upon exposure of the air pressure sensor to an air pressure 
in the isolation chamber above a predetermined pressure 
level. 

13. The apparatus of claim 1, further comprising an air 
curtain generator coupled to the worker booth and arranged 
to discharge into the worker booth and along a surface of the 
partition wall a curtain of air at the first air pressure to the 
access port formed in the partition wall. 

14. The apparatus of claim 13, further comprising means 
in the air curtain generator for changing an angle of attack 
of the curtain of air relative tot he surface of the partition 
wall. 

15. The apparatus of claim 14, wherein the changing 
means includes at least one directional vane mounted for 
movement in the air curtain generator to change direction of 
air discharged from the air curtain generator to generate the 
air curtain. 

16. The apparatus of claim 1, further comprising means 
for discharging a current of air at the first pressure into the 
worker booth and along at least a portion of the partition 
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wall to reach the access port and the access device to provide 
a source of high pressure air at the access port so that such 
source of high pressure air is available to be drawn from the 
worker booth into air at the second pressure in the isolation 
chamber through any air leak opening. 5 

17. The apparatus of claim 16, wherein the discharging 
means includes an outlet duct coupled to the worker booth 
and a motor coupled to rum the blower fan to move air in the 
outlet duct into the worker booth to generate the curtain of 

ak 10 

18. The apparatus of claim 16, wherein the discharging 

means further includes at least one directional vane the 
isolation booth further includes means for conducting air 
discharged from the isolation chamber to the blower fan for 
redistribution to the isolation chamber through the air per- 
meable filter. 35 

19. The apparatus of claim 17, further comprising an air 
pressure sensor located in the isolation chamber and a motor 
speed controller coupled to the air pressure sensor and the 
motor and configured to increase the speed of the motor 
upon exposure of the air pressure sensor to an air pressure 20 
in the isolation chamber above a predetermined pressure 
level. 

20. The apparatus of claim 1, further comprising means 
for discharging into the worker booth a current of air at the 
first pressure at a specified mass flow rate to the access port 25 
formed in the partition wall and means for increasing the 
mass flow rate of the current of air discharged by the 
discharging means in response to an increase in pressure of 
air in the isolation chamber to a level above a maximum 
level for a predetermined period of time. 3Q 

21. The apparatus of claim 20, wherein the discharging 
means includes a blower fan and a motor coupled to turn the 
blower fan to move air into the worker booth to generate the 
current of air and the increasing means includes an air 
pressure sensor located in the isolation chamber and a motor 
speed controller coupled to the air pressure sensor and the 35 
motor and configured to increase the speed of the motor 
upon exposure of the air pressure sensor to an air pressure 

in the isolation chamber above a predetermined pressure 
level. 

22. An apparatus for providing a clean working 40 
environment, the apparatus comprising 

an isolation booth including a wall and an isolation 
chamber within the wall, the wall being formed to 
include an access port communicating with the isola- 
tion chamber, 45 

an access device mounted in the access port to enable a 
worker outside the isolation chamber to handle material 
in the isolation chamber without admitting air into the 
isolation chamber through the access port, and 

a pressure generator positioned to communicate with the 50 
isolation chamber to generate a chamber air pressure in 
the isolation chamber that is less than outside air 
pressure outside the isolation chamber at the access 
port to cause air to be drawn into the isolation chamber 
through any air leak opening that develops in and 55 
around the access device so as to block outflow of air 
in the isolation chamber through the air leak opening. 

23. The apparatus of claim 22, wherein the isolation booth 
further includes an air supply plenum and an air permeable 
filter positioned to he between the air supply plenum and the 60 
isolation chamber to filter air passing from the air supply 
plenum to the isolation chamber through the air permeable 
filter and the pressure generator is coupled to the air supply 
plenum. 

24. The apparatus of claim 22, further comprising an air 65 
curtain generator arranged to discharge a curtain of air at the 
outside air pressure to the access port formed in the wall. 
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25. The apparatus of claim 24, wherein the air curtain 
generator includes a blower fan and a motor coupled to turn 
the blower fan to move air relative to the wall to generate the 
curtain of air. 

26. The apparatus of claim 25, wherein the air curtain 
generator further includes an outlet duct coupled to the 
blower fan to receive air discharged from the blower fan and 
at least one directional vane mounted for movement in the 
outlet duct to vary an angle of attack between air moving in 
the curtain of air and the wall. 

27. The apparatus of claim 25, further comprising an air 
pressure sensor located in the isolation chamber and a motor 
speed controller coupled to the air pressure sensor and the 
motor and configured to increase the speed of the motor 
upon exposure of the air pressure sensor to an air pressure 
in the isolation chamber above a predetermined pressure 
level. 

28. The apparatus of claim 22, further comprising means 
for discharging a current of air at the outside air pressure 
along at least a portion of the wall outside the isolation 
chamber to reach the access port and the access device to 
provide a source of high pressure air at the access port so that 
source of high pressure air is available to be drawn into air 
at the chamber air pressure in the isolation chamber through 
any air leak opening. 

29. The apparatus of claim 28, wherein the discharging 
means includes a blower fan and a motor coupled to turn the 
blower fan to move air relative to the wall to generate the 
curtain of air. 

30. The apparatus of claim 29, further comprising an air 
pressure sensor located in the isolation chamber and a motor 
speed controller coupled to the air pressure sensor and the 
motor and configured to increase the speed of the motor 
upon exposure of the air pressure sensor to an air pressure 
in the isolation chamber above a predetermined pressure 
level. 

31. The apparatus of claim 28, further comprising means 
for increasing the mass flow rate of the current of air 
discharged by the discharging means in response to an 
increase in pressure of air in the isolation chamber to a level 
above a maximum level for a predetermined period of time. 

32. An apparatus for providing a clean working 
environment, the apparatus comprising 

an isolation booth formed to include an isolation chamber 
sized to establish a working environment, a top cover 
above the isolation chamber, a wall alongside the 
isolation chamber, 

a first access device mounted in a first access port formed 
in the wall to enable a worker outside the isolation 
chamber to handle material in the isolation chamber 
without admitting air into the isolation chamber 
through the first access port, and 

a pressure generator coupled to an opening formed in the 
top cover to communicate with the isolation chamber to 
generate a chamber air pressure in the isolation cham- 
ber that is less than outside air pressure at the first 
access port to cause air to be drawn into the isolation 
chamber through any air leak opening that develops in 
and around the first access device so as to block outflow 
of air in the isolation chamber through the air leak 
opening. 

33. The apparatus of claim 32, wherein the isolation booth 
further includes an air supply plenum and an air permeable 
filter positioned to lie between the air supply plenum and the 
isolation chamber to filter air passing from the air supply 
plenum to the isolation chamber through the air permeable 
filter and the pressure generator is coupled to the air supply 
plenum. 
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34. The apparatus of claim 32, wherein the wall is also 
formed to include second, third, and fourth access ports, and 
further comprising a second access device mounted in the 
second access port, a third access device mounted in the 
third access port, a fourth access device mounted in the 
fourth access port, and an air curtain generator arranged to 
discharge air at the outside air pressure to each of the first, 
second, third, and fourth access ports. 

35. The apparatus of claim 34, wherein the wall includes 
a first side wall portion and a second side wall portion 
positioned to lie in spaced-apart relation to the first side wall 
portion to locate the isolation chamber therebetween and 
under the top cover and the first, second, third, and fourth 
access ports are formed in the first side wall portion. 

36. The apparatus of claim 35, wherein the air curtain 
generator includes an outlet duct positioned to communicate 
with the first side wall portion, a blower fan coupled to the 
outlet duct, and a motor coupled to turn the blower fan to 
move air in the outlet duct to generate a curtain of air 
discharged through the outlet duct to reach the first, second, 
third, and fourth access ports. 

37. The apparatus of claim 34, wherein the wall includes 
a first side wall portion and a second side wall portion 
positioned to lie in spaced-apart relation to the first side wall 
portion to locate the isolation chamber therebetween and 
under the top cover, the first and second access ports are 
formed in the first side wall portion, and the third and fourth 
access ports are formed in the second side wall portion. 

38. The apparatus of claim 37, wherein the air curtain 
generator includes a first outlet duct positioned to commu- 
nicate with the first side wall portion, a first blower fan 
coupled to the first outlet duct, a first motor coupled to turn 
the first blower fan to move air in the first outlet duct to 
generate a first curtain of air discharged through the first 
outlet duct to reach the first and second access ports, 
second outlet duct positioned to communicate with the 
second side wall portion, a second blower fan coupled to the 
second outlet duct, and a second motor coupled to turn the 
second blower fan to move air in the second outlet duct to 
generate a second curtain of air discharged through the 
second outlet duct to reach the third and fourth access ports. 

39. The apparatus of claim 34, wherein the wall is also 
formed to include fifth, sixth, seventh, and eighth access 
ports, and further comprising a fifth access device mounted 

in the fifth access port, a sixth access device mounted in the 45 
sixth access port, a seventh access device mounted in the 
seventh access port, and an eighth access device mounted in 
the eighth access port, and the air curtain generator is 
arranged to discharge air at the outside air pressure to each 
of the fifth, sixth, seventh, and eighth access ports. 

40. The apparatus of claim 39, wherein the wall includes 
a first side wall portion formed to include the first, second, 
third, and fourth access ports and a second side wall portion 
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positioned to lie in spaced-apart relation to the first side wall 
portion to locate the isolation chamber therebetween and 
under the top cover, the second side wall portion is formed 
to include the fifth, sixth, seventh, and eighth access ports, 
and further comprising a first worker booth positioned to lie 
alongside the first side wall portion to enable a worker in the 
first worker booth to handle material in the isolation cham- 
ber using at least one of the first, second, third, and fourth 
access devices and a second worker booth positioned to lie 
alongside the second side wall portion to enable a worker in 
the second worker booth to handle material in the isolation 
chamber using at least one of the fifth, sixth, seventh, and 
eighth access devices, and the air curtain generator includes 
a first outlet duct positioned to discharge air into the first 
worker booth and along the first side wall portion, a second 
outlet duct positioned to discharge air into the second worker 
booth and along the second side wall portion, and means for 
blowing air at the outside air pressure through the first outlet 
duct to generate a first curtain of air moving in the first 
worker booth to reach the first, second, third and fourth 
access ports and through the second outlet duct to generate 
a second curtain of air moving in the second worker booth 
to reach the fifth, sixth, seventh, and eighth access port. 

41. The apparatus of claim 39, wherein the wall includes 
a first side wall portion formed to include the first, second, 
third, and fourth access ports and a second side wall portion 
positioned to lie in spaced-apart relation to the first side wall 
portion to locate the isolation chamber therebetween and 
under the top cover, the second side wall portion is formed 
to include the fifth, sixth, seventh, and eighth access ports, 
and further comprising a first worker booth positioned to lie 
alongside the first side wall portion to enable a worker in the 
first worker booth to handle material in the isolation cham- 
ber using at least one of the first, second, third, and fourth 
access devices and a second worker booth positioned to lie 
alongside the second side wall portion to enable a worker in 
the second worker booth to handle material in the isolation 
chamber using at least one of the fifth, sixth, seventh, and 
eighth access devices, and the air curtain generator includes 
a first pair of outlet ducts positioned in spaced-apart relation 
to one another to discharge air into the first worker booth and 
alongside the first wall, a second pair of outlet ducts posi- 
tioned in spaced-apart relation to one another to discharge 
air into the second worker booth, and means for blowing air 
at the outside air pressure through the first pair of outlet 
ducts to generate a first curtain of air moving in the first 
worker booth to reach the first, second, third, and fourth 
access ports and through the second pair of outlet ducts to 
generate a second curtain of air moving in the second worker 
booth to reach the fifth, sixth, seventh, and eighth access 
ports. 
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